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Abstract
The share and life expectancy of the ageing
population are increasing. However, aged people are
threatened by insufficient physical activity. Therefore,
finding ways to support people to live a physically
active life in older age is imperative. Digital wellness
technologies represent a potential solution, but in
order for such technologies to be effective, research is
needed to gain a better understanding on their use
among aged people. To address this need, this study
investigated whether the use of a physical activity
application can promote physical activity among aged
people. The physical activity levels were measured at
three different time points: before taking the
application into use, after four months of use, and after
12 months of use. The results show a modest increase
in the physical activity levels. When examining
physical activity categories (based on the IPAQ-E), a
participant rather shifted to a higher than to a lower
physical activity category. Overall, the changes were
more substantial after 12 months than after four
months of use. The results suggest that physical activity
applications used in everyday life have potential in
promoting physical activity levels among aged people.

1. Introduction
Ageing people have become an increasing priority
area for policy makers and healthcare providers
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globally. The global population aged 65 years or over
is increasing rapidly and is predicted to double to 1.5
billion people by the year 2050 [1]. The percentage of
people 65 years or over is the largest in Europe and
Northern America, but their share is increasing
worldwide [1]. For example, in Europe, where their
share is the largest, persons aged 65 years or over
already represent around 18–22 % of the population in
most EU countries [2]. At the same time, the life
expectancy at older ages is improving. Globally, a
person aged 65 years was expected to live additional
17 years in 2015–2020, and this is expected to increase
to additional 19 years by 2045–2050 [1]. As the global
population is aging and the life expectancy is
improving, it is imperative to find solutions that would
support people to live a physically active life in older
age in order to maintain their health and wellness as
well as their ability to function.
This is a vital matter as physical activity (PA) has
significant health benefits and contributes to the
prevention of non-communicable diseases across all
age groups [3]. PA also aids in upkeeping the ability to
function when a person gets older, and it is imperative
to ward off frailty and age-related illness [4].
Furthermore,
several
studies
indicate
that
systematically conducted PA contributes to a better
quality of life in older age [e.g., 5].
The World Health Organization (WHO) as well as
several national health institutes provide researchbased PA guidelines and recommendations. For
example, the guidelines by the WHO [3] state that
adults aged 65 years or over should do at least 150
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minutes of moderate-intensity PA or at least 75
minutes of vigorous-intensity PA per week, or an
equivalent combination of these. To reach additional
health benefits, they should increase moderateintensity PA to 300 minutes per week (or equivalent).
Furthermore, PA to enhance balance and musclestrength as well as to prevent falls should also be
conducted.
Despite all the numerous global and national
recommendations and guidelines for PA, insufficient
PA is a major global problem across all age groups and
one of the leading risk factors for non-communicable
diseases and death worldwide [3]. During the past year,
this pandemic of insufficient PA has likely been further
aggravated by another pandemic, the coronavirus
disease 2019 (COVID-19) caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2),
which has limited the possibilities to conduct certain
physical activities especially among the aged
population. Therefore, new and innovative solutions to
promote PA among aged people are urgently needed.
Researchers across various fields have taken
serious efforts to find solutions to support PA behavior
and tackle the prevalent issue of insufficient PA.
Digital wellness technologies, which we define as
digital technologies that can be used to support
different aspects of wellness, represent a potential
solution. These technologies include, for example,
devices, applications, and services. Their potential to
promote PA behaviors among aged people has been
suggested, but questions have been placed regarding
their effectiveness, and more research is warranted to
gain insights on how such technologies are used, what
is the outcome of their use, and how the use and the
effects of use are perceived [6-8]. Researching this is
importantly needed also in order to advance the design
and development of digital wellness technologies
aimed for aged people, as they are a user group with
distinct needs and challenges.
To address the aforementioned research need, the
main purpose of this study was to investigate the
following research question: Does the use of a physical
activity application promote physical activity levels
among aged people?
The present study is part of a research program, in
which groups of aged people take into use a physical
activity application, that is, a mobile application for
tracking, following, and supporting their everyday PA.
The self-reported PA was measured by using the
International Physical Activity Questionnaire modified
for the elderly (IPAQ-E) [9] at three different time
points: before taking the application into use, after four
months of use, and after 12 months of use.
Ultimately, this study aims to contribute to the
knowledge on how different digital wellness

technologies could be better utilized to support PA
behavior among aged people. At the same time the
study contributes to the IS research stream of
information technology’s ability to persuade behavior
change.

2. Background
2.1. Digital wellness technology use among
aged people
The variety of different digital wellness
technologies is enormous. There is a large selection of
devices, applications, and services, which are aimed
for specific or more general target groups. The use of
such technologies has become increasingly common,
and they are used by various types of users with
different PA levels [10-11]. Despite the growth of their
popularity in different user groups, typically these
technologies are designed for younger people, although
a growing need for such technologies is prevalent also
among aged people [6, 12].
In general, digital wellness technologies can
support PA in manifold ways. For example, they can
be used to promote PA levels [e.g., 7, 13-14], and to
decrease the time spent in sedentary behaviors [e.g.,
15]. They can provide instructions for PA, and some
sophisticated products also include digital coaching
features [e.g., 16-18]. They can support goal-setting
[e.g., 19-20] and include social features to provide
social support [e.g., 21]. Many solutions also include
gamified features [22-23] that aim to make PA more
compelling and to increase the adherence of use and
PA behavior. Exergames [e.g., 24-27] are games that
combine PA with digital gaming. Digital wellness
technologies can provide feedback regarding the user’s
actions in many ways. This feedback can increase the
user’s awareness of personal wellness and PA, and also
act as a motivator towards improving related behavior
[e.g., 28-30]. However, increased awareness might not
be sufficient for the continued use of the technology
[29, 31], and such “learning-effect” can even be a
reason for use discontinuance [29 p. 285]. This, in turn,
can disturb the adherence to PA routines [32-33].
Digital wellness technologies have been found
promising in terms of promoting PA behavior and
other aspects of wellness also among aged people [e.g.,
7, 34-37]. For example, in studies focusing on aged
people, Larsen et al. [7] found low quality evidence for
a moderate effect of physical activity monitor-based
interventions on PA. Changizi and Kaveh [34] found
that mobile health solutions may improve, among other
things, self-management, self-efficacy, and PA.
Muellmann et al. [35] found that interventions utilizing
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eHealth solutions can effectively promote PA, at least
on short-term. Similarly, Yerrakalva et al. [36] found
that mobile health application-based interventions have
the potential to promote PA and changes in sedentary
time on short term. Stockwell et al. [37] found that
digital behavior change interventions may increase PA
and physical functioning as well as reduce sedentary
time. Although the research on digital wellness
technology use among aged people has been
increasing, more high-quality and long-term studies are
called for [e.g., 6, 12, 34-37].

2.2. Information systems and behavior change
One of the central reasons for using digital wellness
technologies and physical activity applications is the
expected positive effects on health and wellness
behavior. As users engage with digital wellness
technologies, they are receptive to potential changes in
their PA behavior. Indeed, “information technology
always influences people’s attitudes and behaviors in
one way or another” [57 p. 1225], while this influence
can be intended or unintended [57].
As Oinas-Kukkonen [57] points out, there is a
plethora of information systems that can be developed
to persuade (either positive or negative) behavior
changes. Such systems have been widely discussed in
the literature using the terms persuasive technology
[e.g., 58] or persuasive systems [e.g., 59]. In [57],
Oinas-Kukkonen presented the concept of behavior
change support system (BCSS), defined as “a sociotechnical information system with psychological and
behavioral outcomes designed to form, alter or
reinforce attitudes, behaviors or an act of complying
without using coercion or deception”. Thus, BCSSs
emphasize the voluntariness of behavior change, and
an ideal BCSS persuades the user to change behavior
voluntarily [57]. BCSSs are, in essence, persuasive
system. However, they place more emphasis on the
actual outcome than a persuasive system [57]. The
changes can be categorized into a change in an act of
complying (C-change), a behavior change (B-change),
and an attitude change (A-change) [57]. Whereas with
C-change the goal is simply to make the end-user
comply to the system or its requests, with B-change the
goal is to cause a more enduring change in behavior
than a simple temporal compliance. With A-change the
goal is to influence the user’s attitudes in addition to
the behaviors, which can be an important factor behind
sustainable and long-term B-change [57]. For further
reading about behavior change in general and related
techniques, we refer the reader to [62-63].
There are various ways in which digital wellness
technologies (e.g., physical activity applications) can
act as BCSSs. For example, by using digital wellness

technologies, the users are exposed to different kinds
of user experiences that can function as drivers for
future behaviors [e.g., 16, 60-61]. Hence, digital
wellness technologies can potentially change PA
behaviors (e.g., amount of conducted PA) of its users,
but as argued, further research is needed. The focus in
the present follow-up study is on the behavior change
(B-change).

3. Methodology
This study investigated does the use of a physical
activity application promote PA levels among aged
people. This was done by examining the changes in PA
levels between three different time points: before
taking the physical activity application into use, after
four months of use, and after 12 months of use.
In summer 2019, the first wave of field groups in
the research program took the application into use.
These groups consisted a total of 142 participants. The
next wave of field groups commenced in autumn 2019
and the third wave during the year 2020. This study
focuses on the first wave of the field groups. The study
was conducted in Finland, and all the field groups were
recruited through the Finnish pensioners’ associations.
Each group was assigned a field researcher who
assisted the participants in taking the application into
use and gave guidance on using the application and its
features. The participants used the application in their
everyday life and also conducted PA according to their
own preferences. In other words, they were not
provided with any specific PA programs to follow or
specific goals to reach out for, but instead could freely
conduct PA how and when they wanted. The
application as well as its use were free of charge for the
participants, but they were required to have their own
smartphone.

3.1. The used application
The physical activity application used in the study
was designed and developed for the target group in the
ongoing research program. It is an application
operating on the Wellmo application platform [38],
which supports Android and iOS operating systems
and in which the application features constitute their
own entity. The application is aimed to support the
formation of PA and wellness routines in everyday life
and is designed specifically for the aged people. The
central features of the application are related to
tracking PA. The application includes, for example,
features for tracking and following conducted PA, as
well as weekly, monthly, and yearly reports about the
conducted PA. There is also a possibility to import data
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from external wellness services that are supported by
the Wellmo application platform, such as Apple
Health, Google Fit, Polar Flow, and Fitbit. The
application is under constant development, and new
versions with additional features to support PA
routines are scheduled to be launched twice a year.

3.2. Data collection
This study followed a quantitative approach. The
focus was on the first 12 months of use. The PA levels
were measured before taking the application into use,
after four months of use, and after 12 months of use.
This was done to determine whether the possible
changes in PA would occur already during the first
months of use or take a longer time to actualize, and
also in order to mitigate the influence of seasonal
variation. The self-reported PA levels were collected
with surveys and measured by using the IPAQ-E [9].
The IPAQ-E is a modified version of the shortformat IPAQ [39] validated with Swedish adults [40],
and it has been culturally adapted and validated for the
elderly [9]. The IPAQ and IPAQ-E are designed to
provide a set of well-developed instruments that can be
used internationally to obtain comparable estimates of
PA levels [41]. The IPAQ is the most widely used and
validated PA questionnaire [42-43] and thus well
suited for the purpose of this study. The IPAQ-E
focuses on collecting self-reported PA data regarding
the time spent in sitting, in walking, in moderate PA,
and in vigorous PA from a period of the past seven
days. For this study, the IPAQ-E questionnaire was
translated from Swedish to Finnish following the
wording of the Finnish version of the short-format
IPAQ. The study participants included Finnish and
Swedish speakers as both are official languages in
Finland, and thus, both language versions were used.
The questionnaires are available from the authors by
request.
As mentioned, the data for this study were collected
from the first wave of field groups. The first round of
data collection was conducted in summer 2019, the
second in autumn 2019, and the third in summer 2020.
The first and the second data collection were
conducted with printed IPAQ-E questionnaires during
field meetings that were organized with each field
group separately. Before answering the questionnaires,
the participants were given oral and written
instructions on answering. There was no time limit for
answering, and the participants could ask clarifications
if they felt the need. The third data collection was
conducted using an online questionnaire, and each
participant received a survey invitation link to their
emails. All participants gave a written informed
consent. The local ethical committee was contacted

before the start of the research program deeming that
no separate approval was needed for this study.

3.3. Data analysis
The collected data were analyzed with the IBM
SPSS Statistics 24 software. For the analysis, the
Guidelines for the data processing and analysis of the
International Physical Activity Questionnaire [44] and
the guidelines for IPAQ-E use presented in [9] were
followed.
First, before the analysis, the standard methods for
the cleaning and treatment of IPAQ datasets were
conducted as advised in [44 p. 10-11]. For example, in
accordance with the truncation of data rules, if the
reported times for walking, moderate, or vigorous
activities exceeded 180 min/day, data were truncated to
be equal to 180 min/day [9, 44].
Second, as advised in [9 p. 1853], the PA data
(continuous variable) are presented in time in minutes
spent in different intensities instead of converting into
metabolic equivalent of task values (MET) and METminutes; and following the guidelines by [44], the PA
data are presented in median minutes/week rather than
means, together with the interquartile ranges.
Third, in addition to analyzing the PA levels, the
participants were categorized into three PA categories:
Low, Moderate, and High (categorical variable) based
on the reported time of each activity in combination
with a weighting factor for the different activities (i.e.,
a factor 3.3 for walking, 4.0 for moderate PA, and 8.0
for vigorous PA); for further details, see [9].
The changes in PA were analyzed by comparing the
PA levels and PA categories before taking the
application into use to those after four months of use
and to those after 12 months of use. More specifically,
the statistical significance of the changes in the PA
levels (continuous variable) were analyzed with the
Wilcoxon signed-rank test [45] as the focus was on
medians rather than means. In turn, the statistical
significance of the changes in the PA categories
(categorical variable) were analyzed with the
McNemar-Bowker test [46]. The threshold of statistical
significance was set to p < .05 for both the tests.
However, because multiple comparisons were
conducted (more specifically two comparisons – before
vs. after 4 months and before vs. after 12 months) this
threshold was adjusted with the Bonferroni correction
[47], thus resulting in p < .025 (.05 / 2) to be used as
the adjusted threshold of statistical significance. The
potentially missing values were handled by excluding
the responses of a particular participant to a particular
item if the participant had not responded to it in all
three data collection rounds. Some participants either
missed the first or the second follow-up or
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discontinued their use of the application and dropped
out from the research program. Hence, the exact
number of respondents (n) slightly varies between the
items.

4. Results
In total, there were 142 participants in the first
wave of field groups. Of them, 98 responded to the
IPAQ-E in all three data collection rounds. Of these 98
respondents, 34.4 % were male and 65.6 % female.
The average age of the respondents was 69.4 years
(standard deviation 4.2 years). Descriptive statistics of
those 98 participants are reported in Table 1.
Table 1. Descriptives of the respondents
Gender
Male
Female
Other
Age
Under 60 years
60–64 years
65–69 years
70–74 years
75 years or over
Language
Finnish
Swedish
Highest level of education
Primary education
Vocational qualifications
Vocational education
University of applied sciences
University
Other
N/A

n

%

35
63
0

35.7
64.3
0

2
10
38
36
12

2.0
10.2
38.8
36.7
12.2

62
36

63.3
36.7

2
12
52
7
22
2
1

2.1
12.4
53.6
7.2
22.7
2.1
–

Table 2. Changes in time spent in different
intensities after 4 months
n

Before
MED
25–75
PCTL

After 4mo
MED
25–75
PCTL

p

Sit

77

2100

1400–
2520

2100

1680–
2842

.232

Walk

80

600

304–
900

630

420–
910

.168

Mod
PA

82

300

180–
540

270

180–
460

.313

Vig
PA

85

80

0–
355

120

8–
240

.795

Sit = Sitting; Walk = Walking; Mod = Moderate; Vig = Vigorous;
MED = Median; 25-75 PCTL = 25th–75th percentile

Regarding the changes in the median minutes per week
spent in different intensities after four months of use,
there was a small decrease in moderate PA, but an
increase in walking and vigorous PA. The median
minutes per week for sitting remained unchanged.
None of the observed changes were statistically
significant.
Table 3. Changes in time spent in different
intensities after 12 months
n

Before
MED
25–75
PCTL

After 12mo
MED
25–75
PCTL

p

Sit

77

2100

1400–
2520

2100

1470–
2538

.577

Walk

80

600

304–
900

923

420–
1260

.001

Mod
PA

82

300

180–
540

240

120–
458

.506

Vig
PA

85

80

0–
355

100

13–
315

.968

Sit = Sitting; Walk = Walking; Mod = Moderate; Vig = Vigorous;
MED = Median; 25-75 PCTL = 25th–75th percentile

4.1. Physical activity levels
Following [9] and the guidelines by [44], the PA
data are reported in median minutes/week spent in
different intensities, together with the interquartile
ranges. The results are reported in two tables: Table 2
presents the changes after four months of use, and
Table 3 presents the changes after 12 months of use,
along with the statistical significance of the changes
from the Wilcoxon signed-rank test.

Regarding the changes in the median minutes per
week spent in different intensities after 12 months of
use, there was a notable and a statistically significant
increase in walking. In addition, there was a small
decrease in moderate PA and a small increase in
vigorous PA. However, these two latter changes were
statistically not significant. The median minutes per
week for sitting remained unchanged.

4.2. Physical activity categories
The changes in the PA category were examined by
investigating the changes in the number of participants
in the three different PA categories Low, Moderate,
and High (based on the IPAQ-E PA categorization) [9]
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after four and 12 months of use (Table 4). More
precisely, it was examined how many were
increasingly active (i.e., moved from Low à
Moderate/High or Moderate à High), decreasingly
active (i.e., moved from High à Moderate/Low or
Moderate à Low), or equally active (i.e., stayed in the
same category) after four months of use (Table 5) and
after 12 months of use (Table 6) in comparison to the
initial state before taking the application into use.
There were nine participants whose PA category could
not be defined for all the three different time points due
to missing responses in some of the IPAQ questions.
Thus, the analyses concerning PA categories contained
88 participants.
Table 4. Participants in the different PA
categories (n = 88)
Before

After 4mo

PA category

%

%

After 12mo
%

Low

8.0

3.4

1.1

Moderate

25.0

25.0

14.8

High

67.0

71.6

84.1

Table 6. Changes in the PA categories after
12 months (n = 88)
PA category

After 12mo
Low
0

After 12mo
Moderate
0

After 12mo
High
7

Before Moderate

1

6

15

Before High

0

7

52

Before Low

After 12 months of use, 25.0 % of the participants
were increasingly active, 9.1 % were decreasingly
active, and 65.9 % were equally active. The equally
active participants could belong to any of the three PA
categories. Interestingly, all of the seven participants
who were initially in the Low category as well as 15
out of the 22 participants who were initially in the
Moderate category, had now increased their PA to
reach High PA category. In contrast, eight participants
had shifted to a lower PA category. The McNemarBowker test also suggested that the overall changes
(increase or decrease) in PA was statistically
significant (χ2(3) = 10.909, p = .012).

5. Discussion and conclusions
Table 5. Changes in the PA categories after
4 months (n = 88)
PA category

After 4mo
Low
0

After 4mo
Moderate
2

After 4mo
High
5

Before Moderate

0

10

12

Before High

3

10

46

Before Low

After four months of use, 21.6 % of the participants
were increasingly active, 14.8 % were decreasingly
active, and 63.6 % were equally active. All seven
participants who were initially in the Low category,
shifted up to Moderate or High category. Moreover, 12
out of the 22 participants who were initially in the
Moderate category shifted up to High category. In
contrast, 13 participants, all of whom were initially in
the High category, shifted down to a lower PA
category. However, the McNemar-Bowker test
suggested that the overall changes (increase or
decrease) in PA was statistically not significant (χ2(3)
= 2.682, p = .443).

The main purpose of this study was to investigate
the following research question: Does the use of a
physical activity application promote physical activity
levels among aged people? The study participants took
into use a physical activity application that allowed
them to track and follow their everyday PA. The selfreported PA was measured by using the International
Physical Activity Questionnaire modified for the
elderly (IPAQ-E) [9] at three different time points:
before taking the application into use, after four
months of use, and after 12 months of use.
Regarding the PA levels, the changes in four types
of PA (sitting, walking, moderate activity, and
vigorous activity) were measured. In general, the
results show rather modest changes in the PA levels
after the first four and 12 months of use. There was a
small but statistically not significant decrease in
moderate PA and an increase in vigorous PA at both
after four months and after 12 months of use in
comparison to the initial level. Regarding walking,
there was a notable and a statistically significant
increase after 12 months of use, which was not
observable after four months of use.
There was no change in the sitting times at neither
after four nor after 12 months of use. One likely reason
for this is that the application did not include features
for tracking sitting time. This suggests that a physical
activity application without a designated feature for
tracking sitting is not an effective solution for reducing
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sitting times. This is something for the practitioners to
consider when designing applications aimed to
promote healthy PA behaviors, as too much sitting has
been shown to have detrimental health effects [e.g.,
48].
To summarize the results concerning the PA levels,
although there was a statistically significant change
only in the increased walking after 12 months of use, in
general, a modest but positive change could be seen in
the PA levels of the participating aged people. Further,
the changes were more substantial after 12 months of
use than after four months of use. These findings are
mostly in line with the findings of a recent systematic
review on the ability of physical activity monitors to
promote PA behaviors among older adults [7].
In addition to measuring the PA levels, the
participants were categorized into three PA categories
based on their overall PA. These categories, as detailed
in [9], were Low, Moderate, and High. Further, the
shifts of individual participants from one category to
another were investigated. Overall, while most
participants remained equally active in terms of the PA
category, there were more increasingly active than
decreasingly active participants. The overall change
(increase or decrease) was statistically significant after
12 months, but not after four months of use.
More specifically, especially a shift from the Low
and Moderate PA categories to the High PA category
could be observed at both after four months and after
12 months of use. However, there was a shift to the
other direction as well, as some participants shifted to a
lower PA category. Of them, all but one were initially
in the High category. The reasons for shifting to a
lower PA category were not investigated in this study,
but such a shift could potentially happen due to any
incidents or other changes in the life of an individual,
such as an injury or sickness, hindering the possibility
to maintain PA levels. Relating to this, it should be
noted that the participants seemed to represent a rather
physically active share of the aged population as twothirds belonged to the High(est) PA category already
before taking the application into use. Hence, in their
case, a potential shift could only occur to a lower
category.
To conclude, by examining the mere median
minutes in different types of PA per week, it would
seem that the overall (positive) change in PA behavior
was modest. However, when examining the PA
categories, it can be seen that a participant rather
shifted to a higher PA category than to a lower PA
category. Especially those initially in the low category
increased their PA to reach a higher category. This
supports the findings of [49], who found that among
older adults, wearable PA tracker use provides the

greatest benefits to the physically less-active
individuals and former non-users of such technology.
When examining these findings from the scope of
behavior change and BCSSs, it seems that physical
activity applications can act as BCSSs and support
change in PA behaviors. This change can also be longterm, as suggested by the findings concerning PA after
12 months of use. Whether physical activity
applications can also support attitude change [57]
towards PA, was outside the scope of this study.
Overall, the present study suggests that physical
activity applications used in everyday life have
potential in promoting PA behaviors among aged
people, especially among those with lower PA levels.

6. Limitations and future research
This study has some limitations that should be
acknowledged. First, the timing of the data collection
may have some influence on the results: the first PA
data from the period of the past seven days was
collected in summer, whereas the first follow-up after
four months was collected in autumn. The second
follow-up after 12 months was again in summer.
Notably, the time of the year may influence the PA
levels of an individual in various ways. Second, as the
participants were not necessarily tracking PA before
taking the application into use, they could have had a
less accurate view on their initial PA level, whereas by
using the application, a participant could have become
more aware of his/her PA level. Thus, the latter two
measurements of PA might have been more accurate.
Third, on average, the participants represented a rather
physically active share of the aged population, which
places its limits to the findings. For future research, it
would be beneficial to get more participants especially
from the lower PA categories to minimize nonparticipation bias. Fourth, as there was no control
group in the study, it is not certain whether the changes
in PA behaviors were mainly because of using the
application or because of taking part in the study. It is
also possible that the change in PA has been influenced
by some other uncontrolled factor, such as the COVID19 pandemic, which in Finland resulted in social
distancing rules for the aged people and temporary
closing of certain sporting facilities between the first
and second follow-ups. This has potentially influenced
the PA behaviors of aged people [50-53] and
subsequently the participants’ PA levels around the
second follow-up.
Future research could also study the use of physical
activity applications and their potential to support PA
behavior change in different countries or with different
target groups. Additionally, it would also be interesting
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to conduct similar research with other types of digital
wellness technologies and also focus on attitude
changes. As long-term research on related topics are
much called for, the authors plan to conduct further
follow-up studies with a longer use period and more
participants in the research program that has already
produced earlier short-term study findings [e.g., 5456]. Indeed, more research on this topic is warranted.
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